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Introduction



MFV is based on the            flavor symmetry group of the gauge sector.

A. CP-violating phases in the MFV approach

Intro 1/3

Does this restrict CP-violating phases only to those in the Yukawas?  No!

Minimally broken: such that quark and lepton masses/mixing are reproduced.

Technically, the Yukawas are treated as the only spurions.

All the flavor-dependent couplings are hierarchical, with their non-trivial 

structures inherited directly from those of the Yukawa couplings.

- There can be new CP-violating phases in other sectors,

- Requiring MFV not to introduce new CP-phases is a fine-tuning.

5(3)U Chivukula,

Georgi ‘87

Hall,Randall ‘90, D’Ambrosio,Giudice,Isidori,Strumia ‘02

- The            does not say anything about phases (free param. are complex),5(3)U



Flavor transitions ~          are severely constrained by MFV:

B. Flavor transitions vs. flavor-diagonal observables

But for flavor-diagonal operators ~      , there is no restriction at all.

In the quark sector, all flavor changes tuned entirely by the hierarchical CKM. 

In the lepton sector, such transitions are forbidden as long as .

� EDMs require very high New Physics scales?
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MFV implies expansions for the soft-breaking couplings in terms of Yukawa.

C. Situation in the MSSM leptonic sector
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These can then induce LFV transitions and EDMs:

Correlations?Beyond MFV



MFV in the slepton sector



Slepton MFV 1/5
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Not completely fixed (we take                 ):

Neutrino masses

(non-diagonal)

Starting with                                                   ,

1 Dirac phase

2 Majorana phases

3 real      parameters

Lepton masses

(diagonal)

STEP 1: Identify the spurions, i.e. the minimal sources of flavor breaking able 

to reproduce known fermion masses & mixings (~ Yukawa).

A. Construction of the MFV expansions

6 CP-phases.

Kφ

M 1RM=

Cirigliano,Grinstein

Isidori,Wise ‘05

Casas,Ibarra ‘01

Pascoli,Petcov,Yaguna ‘03

Cirigliano,Isidori,Porretti ‘07



- Use the large mass hierarchy to set                            , leaving:
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- Reduced to a finite number of hermitian terms using Cayley-Hamilton identity:

If Q is hermitian:           , with         CP-conserving and          CP-violating,

A. Construction of the MFV expansions

STEP 2: Parametrize the soft-breaking terms as expansions in the spurions

15 CP-phases.
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- RGE effects: Projecting back = absorbing spurion traces in the coefficients,

- Consistency: Coefficients are understood to include spurion traces,
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- Choice of basis: Coefficients differ by some spurion traces,

Can we set and maintain                                        in a natural way?

Forcing coefficients to conserve CP is not protected by 

any symmetry. Rather, it is, by definition, a fine-tuning.

CP cannot be defined separately for the coefficients and for the spurions.

1 6 7,8,9Im 0, Re 0x x− = =

B. CP-violation in the MFV framework

Slepton MFV 3/5

When the spurions are CP-violating,                      can be complex: A B A ...l m n〈 〉



When           &           are the only spurions, all complex traces � Jarlskog:
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1- But it is a “stable fine-tuning”:

…which is very small.

3- Possible fine-tuning mechanism does exist, at least in the quark sector:

RGE effects suppress CP-phases (but |coefficients| are then constrained)

4- CP-violating coefficients needed in the presence of new spurions:

2- Same applies directly to the quark sector, with                                  .
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B. CP-violation in the MFV framework



Final expansions, with                                  :, , ,i i i ia b c d∈ ∈ℝ ℂ

C. Classification of the 6+15 CP-phases

Slepton MFV 5/5
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(remember                                   )

Final expansions, with                                  :, , ,i i i ia b c d∈ ∈ℝ ℂ

Flavor-blind phase:
1Im ImAI

II
e cd
∗

∼ ∼

Defined relative to the flavor-blind parameters of the MSSM (                  ...)
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C. Classification of the 6+15 CP-phases
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(remember                                      )

Final expansions, with                                  :, , ,i i i ia b c d∈ ∈ℝ ℂ

Flavor-blind phase:

2 6Im c −

Contribute to EDMs at leading order in the MIA.

Flavor-diagonal phases:
2 6Im ImAI

II
e cd −
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∼ ∼

Defined relative to the flavor-blind parameters of the MSSM (                  ...)
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C. Classification of the 6+15 CP-phases
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Final expansions, with                                  :

Flavor off-diagonal phases:               , six phases of 

, , ,i i i ia b c d∈ ∈ℝ ℂ

,Rei ib d

Start to contribute to EDMs at 2nd order in the MIA (                                  ).

Flavor-blind phase:
1Imc

Defined relative to the flavor-blind parameters of the MSSM (                  ...)

2 6Im c −

Contribute to EDMs at leading order in the MIA.

Flavor-diagonal phases:
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C. Classification of the 6+15 CP-phases
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EDM constraints



Only a single operator per type of phases dominates for     :

EDM bounds 1/5

A. Dominant operators
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A. Dominant operators
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Only a single operator per type of phase dominates for     :
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A. Dominant operators
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B. Comparison with the model-independent approach
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C. What about the general MSSM?

The MFV operators form a complete basis for soft-breaking terms.

Experimental data       bounds on the coefficients.

Turning on an operator       Turning on a whole set of mass insertions, 

but with a definite pattern, originating from 

those of the spurions. 

Permits to test the naturality of soft-breaking terms.

Allowing the coefficients to take any value � full MSSM.

EDM bounds 4/5
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C. What about the general MSSM?
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Compared to MIA:   If a coefficient must be                   New flavor structures

If all coefficients are                  MFV1ix ≈ ⇒

1ix ⇒≫

If a coefficient must be                   Fine-tuning problem is back1ix ⇒≪

EDM bounds 5/5
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Conclusion



Conclusion

MFV does introduce (many) CP-violating phases beyond those of the SM.

Rich CPV phenomenology, especially when two spurions are competitive.

Application to leptogenesis: Whole series of new CP-phase within MFV.

Extension to the quark sector needs to be completed.

Is the “non-MFV” phase observed really beyond MFV?

Application to R-parity violating MFV:

Moderate         implied by                      Proton decay bounds easier to pass.

The only significant coupling,                        , is complex. Phenomenology?
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